Behavioural adjustment of fish to temporal variation in fishing pressure affects catchability: an experiment with angled trout.
Introduction
In increasingly human-dominated landscapes, wildlife is facing new threats. Unlike with natural 30 predators animals have co-evolved with and developed specific defense tactics against (Johnsson 2009 ), 31 prey species may not necessarily had the time to adapt to threats and risks associated with a range of 32 human-related activities. They therefore need to increasingly rely on their non-specific vigilance to sense 33 the environment, and on their behavioural flexibility to adjust to new human-induced challenges (Van 34 Buskirk 2012). In urban environments for instance, roe-deer (Capreolus capreolus) inhabiting agricultural 35 landscapes display an increased vigilance to general disturbances that permits them to benefit from rich 36 feeding resources associated with these landscapes, despite increased exposure to hunting (Padié et al. 37 2015) . In marine systems, relative to fish from fished areas, fish inhabiting protected no-take zones 38
show reduced flight initiation distances when experimentally exposed to spearfishing (Januchowski- identifiable fish, and standardized fishing treatments in replicated systems). We simulated short term 76 fishing closures and experimentally manipulated threat perception by exposing naïve hatchery reared 77 rainbow trout (Oncorhynchus mykiss) to different angling frequency treatments, i.e. variable intervals 78 between angling events but standardized for total fishing effort. We expect longer intervals between 79 fishing events to reduce threat perception in rainbow trout, leading to the maintenance of a larger pool 80 of vulnerable fish and therefore to higher catch rates. 81 length FL = 31.3 ± 1.6 cm) and 150 brown trout (Salmo trutta) (mean ± s.d: M = 392.9 ± 66.1 g; FL = 89 32.5 ± 1.7 cm) were stocked in equal densities in the ponds (25 of each species per replicated pond). 90
Material and Methods
Both trout species originated from the same hatchery and were reared under comparable conditions 91 (Källefalls Fiskodling). The brown trout were F1 offspring from wild parents captured in the near-by Lake 92
Vättern. The rainbow trout were of a domesticated strain, now bred since 1997 within the hatchery and 93 used exclusively for stocking for angling in Swedish waters. Fish were supplied once a day with fish 94 pellets (Skretting T-2P Optiline ME SF; 1% of total body mass of fish in each pond), but could also feed 95 on naturally occurring prey, such as aquatic invertebrates and insects. 2018). The present study thus focuses exclusively on catch rates of rainbow trout. 106
Fishing treatments 107
The fishing experiments started after a 5 day period of acclimation in the experimental ponds and 108 consisted of three different duplicated angling intensity treatments, which were standardized for fishing 109 effort and only varied in terms of intervals between angling events. This way, effects related to 110 differences in fishing effort itself could be ruled out when investigating the response of fish to fishing. 111
Variable angling intensities were achieved by applying different intervals between fishing events 112 modulating angling frequencies. Treatment 1 corresponded to a 1 day interval, treatment 2 to a 4 days 113 interval and treatment 3 to a 7 days interval between successive fishing events ( Fig. 1 ). Each replicate 114 received a total fishing effort of 10 hours ( = × ℎ × ; Fig.  115 1). With four experimental ponds available, each treatment could be duplicated by repeating treatments 116 1 and 2 over time and rotating between ponds to avoid possible pond effects ( Fig. 1) . 117
Two common angling techniques were used simultaneously in the angling trials, natural baits and 118 artificial spinner lures (for more details on the angling methods, see Koeck et al. 2018). During each 7 angling event, two anglers were fishing for one hour while rotating every tenth minute within or 120 between ponds using alternatively natural bait or lure following a randomization schedule to control for 121 bias in fishing skills of anglers, site preference and gear effects. Landed fish were identified with a hand-122 held PIT reader (BTS-ID, Helsingborg, Sweden) and kept in a holding tank until released to their initial 123 pond at the end of the fishing event. A fish could thus be captured only once per fishing event, but 124 recaptured at each new event. 125
Data analysis 126
Two semi-parametric Cox-proportional hazard regression models were used to compare the 127 capture rates between angling frequency treatments for right censored data, i.e. incorporating Results frequency treatments in terms of number of captured fish and total catches (Table 1, Fig. 2 ). At the end 142 of the five angling events, 28, 40 and 46 fish were respectively captured in the 1-day, 4-days and 7-days 143 angling frequency treatments (respectively 56 %, 80 % and 92 %; Table 1 ). Additionally, the number of 144 recaptured individuals was also higher when angling was practiced at longer intervals between 145 successive angling events ( (Tables 2, 3 : similar hazard coefficient between angling treatments). Both 148 models showed that the probability of survival was significantly lower when angling was practiced at 7-149 days intervals and highest when it was practiced every day ( Fig. 4) , with a respective 57 % and 79 % 150 increase in hazard of being captured in the 4 days and 7 days angling frequency treatments compared to 151 when fishing was practiced daily ( it is largely unexplored to what extent threat perception and temporal variation of fishing pressure plays 157 a role in the mechanism leading to observed hook avoidance and hyper depletion of catch. We found 158 that even short closures of just a few days had substantial impacts on catch rates. Catch rates of 159 rainbow trout were lower when angling in ponds was practiced at higher frequency (daily) as opposed to 160 a less frequent angling with either 4 or 7 day intervals, indicating that beyond total fishing effort, the 161 temporal variation in fishing pressure also affects avoidance behaviour of fish towards fishing gear. Our 162 results highlighted two mechanisms by which short term fishing closures affect catch rates: by increasing 163 number of recaptures of previously captured and released fish (i.e., by increasing the rates at which fish 165 return to a vulnerable state). Table 3 . Cox-proportional hazards regression model examining the effect of angling frequency 398 treatments (1, 4 and 7 days of interval between successive angling days) on the hazard of being 399 captured by angling. In addition to the model in Table 2 , this model allows for repeated events, i.e. 400 individuals are released back to the population and can be recaptured at successive events. The 1-day 401 angling treatment is coded as the baseline level of the treatment factor of the model. 402 
